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Summary

An Orenda XI engine was fitted with an industrial

type of fuel control system and calibrated in the Engine

Laboratory of the National Research Council prior to use as

a gas generator in the VTOL tunnel drive o

Operation of the fuel system is discussed and the

results of engine performance calibrations are presented o
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loO INTRODUCTION

An Orenda XI turbojet engine is to be used as a gas

generator to provide power for the turbine drive to the VTOL

tunnel fan o

The engine selected from those available at N„R OC O

(serial 301?!) had run some Ιψθθ hours since overhaul and

required a hot-end check to ensure a reasonable period of

service in the tunnel ins tallation o During this check,

second-stage turbine stators and all the flame tubes were

renewed.

It was then required to test the engine and also

to check that its performance was up to standards

2 O0 Engine and Modifications

2 O1 Engine and Instrumentation

An Orenda XI engine, serial No o 30 1, was installed

in No» Jj. Test Cell and instrumented as follows:

Measuring System

Emery cell

Potter turbine type flowmeter

U thermocounles in tailpipe

and 3 in tail-cone, all

reading out on an A ,P.I pyro-

meter «

Parameter

Thrust

Fuel Flow

Jet Pipe Temperature
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Parameter Measuring System

Jet Pipe Total Pressure $ pt o rake and mercury mano-

meter o

In addition., vibration was monitored by a C OE OC„ pick-up

and meter o

2 O2 Fuel System

An Industrial type fuel system conversion kit was

suonlied by OEL to renlace the normal Orenda XI flow control

units (see Fig o l) o The kit, which was remotely mounted on

a panel alongside the engine 9 consisted of the following

components:

a) Electric motor driven metering valve (Minneapolis-

Honeywell Actionator, model M93OB)U

b) L oPo filter c

c) Fuel pump stroke control., (To maintain a constant

pressure drop across the metering valve )o

d) Shut-off valve (Type 667A Fisher diaphragm control valve),

together with a solenoid control and air pressure

reducing valve o

The metering valve gear train provided a timing of

120 seconds between the closed and fully open positions, thus

giving an acceleration rate compatible with the cower turbine

limitations o

The shut-off valve was actuated by solenoid
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controlled ports that connected the diaphragm chamber either

to atmosphere or to the sunnly air pressure according to

whether "close'* or "open" was selected,, Rapid closing of

the shut-off valve at any engine speed was an essential

requirement because it was an integral part of the automatic

emergency shut-down procedure,

300 Engine Operation

3„ 1 Fuel System Operation

Engine starting with the industrial type fuel

system was excellents It was possible to light-up at a lower

fuel flow than is normally provided by the flight fuel control

system, and to accelerate to idle speed without exceeding a

jet pipe temperature of 500°C o

The operation of the diaphragm shut-off valve was

not satisfactory when the system was set up according to the

schematic supplied by OEL; because, even at idle flows, it

failed to shut-down the engine,, Investigation showed that

with the maximum recommended spring pre-load, a fuel pressure

of little more than 1,000 psi would lift the valve from its

seat o

Reference to Elg o 1 will show that the engine

driven high pressure fuel pumps were not provided with a by-

pass and hence relied on their internal relief valves to cater

for the stalled condition,, These valves are normally set to
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relieve at a pressure of about 1,800 psi o Thus, when the

shut=off valve was energized, the pump outlet was momentar-

ily closed off completely, and the pump output pressure tended

to rise to the relief pressure,, As soon as the h op o pumps

reacted to this condition, an equilibrium state was reached

at a line pressure (measured) of about 1,600 psi. with the

shut-off valve cracked open sufficiently to keep the engine

speed very close to idling o

This problem was remedied by moving the high pressure

sensing point for the pump stroke control from upstream of

the metering valve to upstream of the shut-off valve (as

drawn in Fig o l) o With this configuration, the pump stroke

control would sense a greater-than-schedule d pressure drop

when the shut-off valve was closed and reduce the pump stroke

to minimum or zero flow 0

3 O2 Performance Calibrations

A datum performance calibration was made after

trimming the final nozzle to give a jet pipe temnerature of

71f>°C at 100$ rpm o A further calibration run was made with

the 8th stage compressor bleed operating but restricted to

a flow of about 0 o8. lb/sec o at 1|.O psia. The results of

this run are plotted in Figs o 2, 3, U and 5, giving jet pipe

temperature, fuel flow, jet pine total pressure and thrust

as functions of engine speed o The points from the datum
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ca l ib r a t i on  are  a l so  p lo t t ed  on t he se  curves  and i nd i ca t e

that the b l eed  has a neg l ig ib l e  e f f ec t  on per f  ormance o

Average  engine per formance  f i gu re s ,  t aken  from Orenda repor t

AVR-PFRF-181)., are shown on the curve shee t s  for comnar i son  o

lj. o 0 Conc lus ions

U O1 Checks wi th  a s t anda rd  s i ze  f inal  nozz l e  have

demons t ra ted  that  the engine performance is  normal for an

Orenda XI o

L|. o 2 The fuel sys t em as p rov ided  was not s a t i s f ac to ry

because  the shut=off  valve f a i l ed  to s top  the engine  o Re-

arrangement of the pump s t roke  cont ro l  l i ne s  e l imina ted  the

trouble o

I4.0 3 The indus t r i a l  type fuel  sy s t em ope ra t ed  s a t i s f ac -

to r i l y  over the range of cond i t i ons  encountered  during these

t e s t s  □
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